The high prevalence and heavy socio-economic burden for caries of first permanent molars (FPMs) make the prevention of this disease a major public health goal. Current guidelines recommend a preference of fissure sealant (FS) over fluoride varnish (FV) based on two recent systematic reviews. However, evidences of these two studies are weak because of scarce data and some limitations. Besides, an upto-date large scale randomized controlled trial (RCT) reported commensurate effectiveness of these two techniques. Thus, in order to more accurately compare the clinical efficacy between FS and FV on caries prevention for FPMs, we carried out this systematic review and meta-analysis. A total of 8 RCTs involving 3289 participants and 6878 FPMs fulfilled the inclusion criteria. Our meta-analysis for the first time showed that there was no statistical difference on caries incidence or occlusal DMFS increment between sealant group and fluoride varnish group at 2~3 years' follow-up. In that sense, biannual applications of FV or FS may be equally effective on caries prevention for FPMs. These results do not support routine recommendation of FS over FV, thus shedding light on current conceptions. Our findings endow clinicians with a window to reconsider the choice between these two techniques.
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RCTs both included in our quantitative synthesis and that of previous two systematic reviews Liu [13] [14] [15] [16] 18, 19 . These RCTs included a total of 6878 FPMs.
Among them only Bravo 1996 reported statistical superiority of FS on reducing CI of FPMs (RR: 2.68, 95% CIs: 1.76 to 4.08) 19 . Others showed no significant difference [13] [14] [15] [16] 18 . Our overall RR of this outcome lacked statistical significance to show superiority between FV and FS (RR: 1.29; 95% CIs: 0.95 to 1.75; p = 0.10). The heterogeneity of this meta-analysis was high (x 2 = 20.85, I 2 = 76%) ( Fig. 3B ).
We also conducted subgroup analysis regardless of Bravo 1996, because of its high bias risk and substantial contribution to heterogeneity of this outcome. Results showed that exclusion of Bravo 1996 did not change overall effect (RR: 1.05; 95% CIs: 0.91 to 1.22, p = 0.48), but significantly reduced heterogeneity (x 2 = 3.92, I 2 = 0%) ( Fig. S2A ). Bravo 2005 This study reported the results at the endpoint of 9th year. However biannual application of fluoride varnish in FV group was terminated early from 4th year.
CI of FPMs
Excluded Study ID Reasons of exclusion
Florio 2001
The data provided in this study cannot be pooled and quantitatively synthesized (No data on caries incidence or occlusal DMFS increment were provided) ( Table 1 ).
Houpt 1983
No fluoride varnish was applied to control group.
Splieth 2001
The interventions in this study did not meet our inclusion criteria (This study compared caries prevention efficacy between fissure sealant plus fluoride varnish and fluoride varnish alone). www.nature.com/scientificreports www.nature.com/scientificreports/ outcome 13, 16, 18, 19 . Chestnutt 2017 and Salem 2014 reported that FV exhibited lower occlusal CI than FS without significance 13, 16 . In details, RR of Chestnutt 2017 was 0.96 (95% CIs: 0.74 to 1.25), and RR of Salem 2014 was 0.94 (95% CIs: 0.74 to 1.19) ( Fig. 3C ). Conversely, only Bravo 1996 favored FS with statistical power for it reduced more occlusal caries 19 . RR of this outcome for FV to FS in Bravo 1996 was 2.68 (95% CIs: 1.76 to 4.08) ( Fig. 3C ). In Liu 2012, this parameter was 1.45 (95% CIs: 0.70 to 3.02) without statistical significance ( Fig. 3C ). Our overall effect showed that FS only had very limited superiority in reducing occlusal CI compared with FV (RR: 1.33). But it did not reach statistical significance (95% CIs: 0.83 to 2.11, p = 0.23). The heterogeneity of this meta-analysis was high (x 2 = 20.49, I 2 = 85%) ( Fig. 3C ).
Because of aforementioned reasons, subgroup analysis with Bravo 1996 excluded was conducted and showed slight superiority of FV in decreasing occlusal CI (RR = 0.98), but no statistic significance was detected (95% CIs: 0.82 to 1.16; p = 0.78) ( Fig. S2B) . Notably, heterogeneity obviously declined after removing Bravo 1996 (x 2 = 1.24, I 2 = 0%) ( Fig. S2B ).
FS or FV and occlusal DMFS increment of FPMs. DMFS increment of occlusal surfaces is the secondary outcome to evaluate caries prevention efficacy of FS and FV. It was reported in three RCTs 16, 17, 20 . www.nature.com/scientificreports www.nature.com/scientificreports/ Among these three RCTs, only Bravo 1997 reported higher DMFS increment in FV group with statistical power (MD = 0.64; 95% CIs: 0.21 to 1.07) 20 . However, the rest two RCTs did not achieve statistical significance (Fig. 4) . Our meta-analysis did not reach statistical significance to show any superiority between FV and FS in reducing DMFS increment (MD = 0.13; 95% CIs: −0.09 to 0.34; p = 0.25). The heterogeneity of this meta-analysis was high (x 2 = 19.54, I 2 = 85%) ( Fig. 4) .
For this outcome, as the huge contribution of Bravo 1997 to heterogeneity, we conducted subgroup analysis excluding this study. Final results showed consistent conclusion as that of analysis including this study, that is, no statistic difference was detected between FV and FS on this parameter (MD = 0.04; 95% CIs: −0.15 to 0.23; p = 0.70) ( Fig. S2C ). Removing Bravo 1997 slightly reduced heterogeneity (x 2 = 11.90, I 2 = 83% (Fig. S2C ).
Analysis without split mouth design. Among included RCTs, only Raadal 1984 adopted split mouth design ( Table 1) 14 . It should be noted that in split-mouth study designs, sealed teeth may be impacted by elevated fluoride concentration in saliva 6, 22 . Meanwhile, teeth in FV group may also benefit from FS induced oral hygiene improvement 23 . Thus, in order to rule out this carry-over effect, we did supplemental meta-analysis that excluded Raadal 1984 . Actually removal of split mouth design did not change the overall effect on CI of FPMs. In details, overall RR about CI of FPMs was 1.29, and it was not statistically different (95% CIs: 0.88 to 1.87; p = 0.19). The heterogeneity of this analysis was high (x 2 = 20.01, I 2 = 80%) (Fig. S1 ). In summary, whether or not Raadal 1984 was excluded this did not change the assessment of caries prevention efficacy between FV and FS.
Discussion
Caries is the most prevalent oral disease around the world [1] [2] [3] [4] [5] . It poses a huge economic burden and undermines quality of life 1,2 . FPMs, the keys of permanent dentition, are the most susceptible permanent teeth to caries in school children and adolescents [8] [9] [10] . Caries prevention of FPMs is thus a massive public health issue 6, 7 . At present, www.nature.com/scientificreports www.nature.com/scientificreports/ both FS and FV have been proved to be effective anti-caries skills 11, 12 . However, controversy about their relative efficacy still exists 6, 7, 13 . This debate may impede public policy on caries prevention. Results of this meta-analysis first of time showed that compared with FS, FV was not significantly associated with higher CI or more DMFS increment in 6-9 years old children at 2-3 years' follow-up. These findings were contrary to the latest two systematic reviews and current practice guidelines. These results endow clinician with windows to reconsider the choice between these two techniques. FV shows better economic efficacy, requires much lower technique sensitivity and does not need modern dental equipments 16, 18, 24 . Taking results of present study into consideration, it is recommended that FV could be the more affordable and suitable prevention method for underdeveloped and developing areas.
A meta-analysis by Wright 2016 reported that FS was superior to FV for caries prevention of FPMs 7 . However, this study suffered obvious weaknesses as follows. First, they missed three important RCTs, namely Raadal 1984 , Ji 2007 , and Salem 2014 [14] [15] [16] . Each of these studies showed no significant difference between FS and FV, therefore incomplete data rendered conclusion of Wright 2016 inaccurate. Besides, Wright 2016 inappropriately included Houpt 1983 , an RCT in which no FV was applied to control teeth 25 . Thus, inappropriate inclusion and exclusion of studies potentially led to excessively exaggerated anti-caries efficacy of FS when compared with FV. Another systematic review from Ahovuo-Saloranta et al. also favored FS 6 . Nevertheless, validity of this research was severely damaged by its questionable inclusion of data. Three RCTs, which showed no statistical significance between FS and FV, were excluded in quantitative synthesis of Ahovuo-Saloranta 2016 [15] [16] [17] . Even though each of these three RCTs met inclusion criteria of Ahovuo-Saloranta 2016 and Tagliaferro 2011 and Salem 2014 were assessed as high quality by this systematic review 6, 16, 17 . Unreasonable exclusion of RCTs which did not support FS misrepresented overall effect. Another possible reason for diverges in conclusions of earlier meta-analysis and the present meta-analysis was that a recently updated RCT of high quality reported equivalent effectiveness of FS and FV on FPMs caries prevention 13 . This finding may be attributable to lack of statistical significance in our meta-analysis.
Ahovuo-Saloranta 2016 stated substantial heterogeneity between included studies and attributed it to scarce and clinically diverse data available 6 . However, this explanation is untenable. A total of 7 RCTs were included in our meta-analysis. These RCTs together recruited 6878 FPMs in 3289 participants [13] [14] [15] [16] [17] [18] [19] [20] . Among them, only Bravo 1996 Bravo , 1997 Bravo & 2005 favored FS with statistical superiority 19, 20 . However, these three studies were assessed as low quality and high risk of bias both by previous systematic reviews and us because of their unclear and incomplete randomization procedure and poor allocation concealment. Therefore the reliability of these three studies was severely impaired. Our supplemental meta-analysis showed that exclusion of Bravo 1996 and Bravo 1997 did not alter the overall effect in all outcomes, however dramatically decreased the heterogeneity. Hence it is clear that excluding qualified RCTs which did not show difference between FV and FS but including Bravo 1996 and Bravo 1997 renders previous systematic reviews suffering from huge heterogeneity and inaccurate conclusion. Additionally, we noticed Radaal 1984 obtained split-mouth degsign, but the rest of included RCTs adopted parallel design 14 . Concerning the possible influence of different design, we did supplemental analysis that excluded trial of split-mouth design and showed that exclusion of Radaal 1984 did not alter the overall results.
Compared with previous studies, present meta-analysis is promoted in certain aspects. We did quantitative synthesis using original raw data rather than odds ratio (OR) of caries risk 6, 7 . This method permitted more evaluating indices including caries incidence of children, FPMs or occlusal surfaces of FPMs and increment of occlusal DMFS, thus providing more information. It is worthwhile to examine this matter in some detail. Our meta-analysis for the first time showed that there was no significant difference on caries incidence or increment of occlusal DMFS between FS and FV at 2~3 years' follow-up. The results are contrary to that of the latest two systematic reviews and what many dentists would have expected. But before a solid conclusion could be made, more highly qualified RCTs are still called for, especially those reporting the long-term effect. Though Bravo 2005 provided the data at the endpoint of 9th year, biannual application of fluoride varnish in FV group was terminated early from the 4th year in this study 21 . Thus, the long-term superiority between FS and FV in caries prevention of FPMs is still unproven.
In conclusion, present meta-analysis for the first time proved that biannual application of FV compared with FS results in non-significant difference about caries prevention efficacy of FPMs at 2~3 years' follow up. These findings do not support routine recommendation of FS over FV, which is new to current conceptions. Future choices between these two skills may rely on technique sensitivity, accessibility and cost of these two treatments in local community. 
